The aim of the present study was to assess the possibility of use economic analysis to compare selected filter beds used in water treatment plant. There were considered selected masses which are commonly used for removal iron and manganese from the groundwater. Water purification with these minerals is one of the most important processes in water technology. Underground water taken by wells is polluted with increased concentration of iron and manganese. That is why many of individual, urban and also industrial water treatment plants do their best to remove them from the water. Thousands of tons of different filter masses set for iron and manganese purification from the water are bought on the Polish market every year. Tests carried out within experiments are presented in this paper, which include analysis of filter beds such as: Filtersorb FMH, Filter AG, Pyrolox and Defeman. Selected masses differ with origin, density, mesh size, diameter and price. For the complete economic analysis of the selected filters there considered the following factors affected the operating costs: cost of filter beds, environmental fees for water intake, costs of equipment to aerate the water, cost of chemical reagents for the regeneration of beds, cost of a dosing pump, costs of reagents for filter regeneration. The analysis showed that the cost of exploitation of the filter depends mainly on the purchase and filtration rate. In addition, significant parts in the costs of exploitation of the filter is environmental fee for water intake, but lower than buying filtration bed. The cheapest in the exploitation turned out to be Defeman and Filter-AG, the most expensive -Filter-FMH.
Introduction
The filtration process is provided for removal contaminants from cleaning fluids with a diameter bigger than 0.1 µm. Filtration is the basic process and most widely used throughout the world in the water treatment technology. The filtration may be used at different stages of water treatment.
The selection of particular equipment and filter materials depends among other things on the amount of purified water and contaminants within it (Skoczko et al, 2016: 88; Kowal, 2009: 242) .
The process of filtration involves water flow through the filter -porous material, which makes possible the separation of larger particles in the water than size of the filter material pore.
Sometimes, by the action of the adhesion forces much smaller particles are stopped in the filtration columns. The particles may be retained on the surface of the filter bed and inside the bed in intergranular pores (Kowal, 2009: 244; Magrel, 2000: 125 ) . During filtration, water flows in a certain direction, with a suitable speed through the porous filter bed. Water overcomes irregular way between the particles filling the filter. Removal of particles with small diameter from the water with the filter material is result of many mechanisms, such as filtration, sedimentation, flocculation, cohesion, adhesion and diffusion, adsorption, electrostatic interactions. These forces make possible to provide transport suspension close the filtration bed particle, determining the mechanism of attraction (Maćkiewicz, 1987: 35; LeChevallier, 1992: 54) .
For the purposes of this paper, it is assumed that all used filter beds purifies treated water to the required parameters using the same weight for each single column weight. The aim of the study was to compare the economic efficiency of four filter beds used for water treatment:
Filtersorb FMH, Filter AG, Pyrolox and Defeman. The analyzes were made on the basis of collected bibliographic data and catalogs available on the web pages relating to selected filter media for groundwater treatment available on the Polish market (www.terstan.pl, www.ekoserwis.poznan.pl, www.vilmart.pl, www.wigo.pl) . The calculation cost did not include the purchase of electricity and the operation of the pumps. It has been assumed that filtration is one of the many processes carried out in a water treatment plant and does not require separate power supply. The analysis only includes costs that are closely related to the filtration process used, ie: purchase costs, environmental charges, unit costs of water aeration, chemical regeneration chemicals, and the cost of the regenerative reagent pump. On the basis of the aforementioned costs, there were calculated the unit costs of the filtration process (PLN/m 3 ) on a scale of: one and five years.
Characteristics of filter beds
There were carried out tests included analysis of filter beds such as: Filtersorb FMH, Filter AG, Pyrolox and Defeman. They were chosen for analysis among the available in the market materials used for water filtration and removal of iron and manganese compounds. For the economic analysis, the previously mentioned active filter media were chosen because based on the research conducted by many researchers (Cicszwili, 1990: 47; Anielak, Nowak, 2002: 27; Kaleta et al., 2009: 51; Jeż-Walkowiak et al., 2011: 112; Michael, 2012 : 91, Granops, 2005 , it is clear that ordinary, popular quartz sand can successfully be replaced by chemically active masses, because some of their parameters (eg mechanical strength) are much better than sand (Cicszwili, 1990: 136; Granops, 2005: 155) The use of these masses can allow for the complete removal of iron and manganese compounds in one-stage filtration, sometimes without introducing air into the water.
Therefore it was decided to analyze the economic active mass for the total operating costs. Selected masses differ with origin, density, mesh size, diameter and price. and Vidović, 2010: 257) Filtersorb FMH is used to remove compounds of iron, manganese and hydrogen sulphide. It is a catalytic bed, which may actively oxidize compounds already at pH 6.2. By dint of the active outer shell is difficult to remove forms of the compounds which are oxidized. It causes easy removal of sludge, which is filtered on the bed and removed during backwash. Filtersorb FMH consists of dolomite grains, coated with manganese dioxide and manganese dioxide ores in the form of granules (Vidović, 2010 : 258, Lumiste 2012 . Manganese dioxide present in the bed works as an oxidant without the need for external supply of oxygen, which allows more effective operation.
The bed is regenerated with a dilute solution of potassium permanganate at a dose of 2-4 g KMnO4/l. The bed can be washed continuously or periodically. Efficiency of the system is greatly improved with the continuous regeneration of the filter by dosing to the raw water strong oxidants such as chlorine, ozone or aeration of water (Vidović, 2014 (Vidović, : 1784 Brebbia, 2012: 325) .
Filter AG is a high efficient filter bed which removes suspended particles from the water. Pyrolox is a granular filtration material used for the oxidation of hydrogen sulphide, iron and manganese compounds and their separation from the water (Michel, 2012: 95) 
Methodology
There are various filter materials for groundwater treatment. The particular masses are characterized by different effectiveness and the impact on the substances contained in the water.
Working conditions and purchase price is also their individual feature. It was assumed that all used filters materials for water treatment were required to the appropriate parameters.
Economic analysis included all financial factors influencing the total cost of filtration on selected masses. Factors chosen for analysis are: the purchase, environmental fees, unit cost of purifying water in the filter bed. There were selected filter beds, which took into account: the purchase cost of beds, the cost of environmental fees in the years 2017-2021, the quantity of treated water within 5 year and the unit cost of water treatment.
The purchase price and the exploitation of filtration
The purchase of beds, equipment and reagents depends on the operating parameters such as the efficiency of the water intake, underground water parameters, performance, etc. Choosing specific devices and their parameters there were guided by the recommendations of manufacturers. The prices are obtained from the manufacturers and distributors of the analyzed materials and are gross prices (Table 2) . It was assumed a 24 hour cycle of filtration column. Next the bed was backwashed to maintain optimum treatment efficiency. For the analysis there were adopted the bed volume of 0.375 m 3 .
The cheapest in the purchase was FMH. Its price was 1600,00 PLN. It is seven times lower than the most expensive beds -Pyrolox. Nevertheless FMH needs special reagents to its regeneration.
Its preparation should be calculated stoichiometrically and takes time. The high price of the Pyrolox may be associated with the operations costs. It allows a high degree of removing pollutants. On the other hand the Defeman bed has four times higher price than the Filter-AG (Table 2) . Additional devices included air pomp, compressor, static mixer, manometer and others.
Environmental fees
Water intake, beyond the purchasing cost of the equipment and its exploitation is required to pay fees for using the environment (Ordinance of the Council of Ministers, 2015 item. 1875: 3; and Dz.
U. 2017 item. 519: 203). The regulations define that environmental fees must be paid for every type of natural water. They are calculated and shall be paid to the State Treasury every six months, but for the purposes of this analysis, the fee will be calculated for the whole year. The environmental fee depends not only on the amount of water, but also on its final destination. For the purposes of analysis it is assumed intake of ground water intended for human consumption as
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well as other social and living purposes. Pre-defined parameters and filtration devices are the values which allows operation of selected filter beds. In the case of groundwater used formula:
where:
V -the volume of water used per year [m 3 ]
S -unit rate fees, adopted for the purpose of consumption, w -differentiating factor depending on how the water intake.
The unit rate of fees (S) for the human consumption of underground water as for the purposes of social and living for 2017 was equal to 0,068 PLN/m 3 . Year of output for the start of the analysis is 2017. For the following years, the quantity of treated water resulting from the devices load is assumed, but the value of the environmental fee will fluctuate due to the annual increase in the unit price of the water, which is subject to inflation. The projected increase in environmental fee was determined on the basis of Table 1 The price increase was assumed to be 1.65% (Skoczko et al. 2016: 212) . (Table 4) were summarized all necessary factors for calculation the environmental fees.
The quantity of filtered water by the bed is directly related to the filtration velocity based on the characteristics of the bed. In calculation, volume of treated water includes the rinsing. The daily volume of filtered water was multiplied by the 365 days in order to obtain the quantity of water treated per year (V). The resulting value was multiplied by the unit rate fees for water consumption (S) and the value of the coefficient differentiating (w). Table 4 shows the obtaining environmental fees for underground water intake since 2017. Source: Author's own elaboration
The table (Table 5) lists all the factors needed to calculate the environmental fee. The quantity of filtered water by a given bed is directly dependent on the filtration rate determined by the bed characteristics. When calculating the quantity of treated water, the rinsing time of the devices is taken into account. Source: Author's own elaboration
Additional equipment
Some of the analyzed beds outside the tank filter and its standard features require additional devices. These are: mixing water and air, compressor, dosing pump. Analysis was performed for a one year, five, ten and twenty years use of filter beds to achieve the most accurate results of real exploitation. The costs incurred for the operation of all beds include the purchase cost of beds and the value of environmental fees for water intake. Some of the analyzed beds require incurring additional costs such as:
-purchase mixer water-air and air compressor -Filter-AG, Pyrolox, Defeman;
-purchase of a dosing pump and chemical reagents for regeneration -FMH.
It is assumed that the above-mentioned devices after the 10 years of operation may be replaced with new ones, but and the case of Pyrolox and Defeman it is not compulsory.
The unit cost of water filtration

Annual cost analysis
The table above (Table 6) 
Five-year cost analysis
In the five-year period of operation, the lowest unit cost of water treatment were obtained using the The Figure 1 provides a summary of the unit cost of water treatment for all filter beds in all years of analysis. The highest costs were obtained for the annual operation. This is due to the division of a large amount of primary costs, such as the purchase of beds and additional devices. Therefore, in the next analyzed period (5 years) was significant drop in the cost of operation for all beds.
Conclusion
1. Differences between selected filtration materials were in terms of cost purchase and the filtration velocity.
2. A considerable share in the costs of exploitation of the filter is the environmental fee for water intake, greater than the purchase of the bed. 
